and potential root space and water holding capacity were equivalent to that of the control, i.e. 5.2 148 L. Biochar was thoroughly mixed in soil prior to filling the pots. To ensure comparable bulk 149 densities within treatments, the soil was poured 1 L at a time and compacted with a flat hand tool. 150 Pots were then placed in the greenhouse and watered with 2 L water. After two weeks, the fertilizer 151 was carefully mixed into the top 5 cm of soil and ryegrass was sown at 0.8 g pot -1 .
153
The watering regime was designed to simulate a growing season with adequate precipitation 154 followed by a dry period. Over the first month, pots were weighed weekly and watered up to 60% 155 of field capacity. In the second and third months, pots were given approximately half the amount 156 of water and were left to dry until plant wilting was observed in at least 50% of pots. At this point 157 equal amounts of water were given to all pots across all treatments. The degree of plant wilting in 158 each treatment was visually estimated before the last watering and grass harvest. The wilting point 159 was estimated by recording the SWC at the point at which plants wilted and did not regain The biomass was harvested at the end of each month for 3 months. The grass in each pot was cut 167 at a height of 5 cm from the soil level. The fresh biomass was weighed, bagged, and dried in an 168 electric oven at 60 ºC for 5 days. After drying, the biomass was weighed again to determine the concentrations in harvested biomass from the 240 kg N ha -1 treated pots only were analyzed by 172 Eurofins AS laboratory. Elemental content of harvested biomass from pots fertilized with 144, 173 240, and 288 kg N ha -1 rates were not measured due to cost constraints. Soil NH4 and NO3 were 
Results

188
Biochar characterization 189 The solid state 13 C NMR spectrum of the biochar sample showed one main peak at 126 ppm, 190 representing the C in aromatic systems. Two smaller peaks at 262 ppm and -10 ppm represent 191 spinning side bands of this peak. Two more peaks were found at 72 ppm and 21 ppm representing 192 alkyl and O-alkyl C. Most of the C in the biochar was represented by aromatic C (92.2%) while This is a post-peer-review, pre-copyedit version of an article published in Journal of Environmental Quality. The final authenticated version is available online at: http://dx.doi.org/10.2134/jeq2012.0163. 10 24 m 2 g -1 and proximate analysis measured fixed carbon, volatile and ash contents of 69, 13, and 195 17% respectively, and pH 9.8 (Table 1 .) Biochar was low in mineral N, but high in P-AL, K-AL, 196 Mg-AL, and Ca-AL content (AL= Ammonium Lactate extraction), compared to background soil 197 levels ( Table 2) . High Zn concentrations in the biochar were attributed to contamination from the 198 galvanized zinc coating of the inner containers (Table 2 ). Small flakes of Zn coating were observed 199 and removed from two of the biochar batches. (from treatment BC0) lost 3.3% of its original C over the 98-day period (data not shown). We 206 subtracted CO2 efflux measured in BC0 from that measured in BC10, BC50, and BC100 in order 207 to estimate the biochar-C mineralization rate for the incubation period. Mineralization of biochar-208 C by the end of the 98-day period was estimated to be 0.14% and 0.16% in BC50 and BC100, 209 respectively (data not shown). Soil respiration from BC10 was actually lower than BC0 by 1.59%, 210 although not significantly so (data not shown).
211
Plant Yield
212
Biochar additions did not significantly modify cumulative biomass yields. Within individual 213 harvests, biochar had no significant effect for harvest-1 & -2 but induced a significant yield 214 reduction in harvest-3 (Table 3, Figure 4 ). Harvest-3 yield reductions were more pronounced for This is a post-peer-review, pre-copyedit version of an article published in Journal of Environmental Quality. The final authenticated version is available online at: http://dx.doi.org/10.2134/jeq2012.0163.
12
Discussion
241
The tested kiln method was sufficient to fully carbonize the wheat straw and transform alkyl and Cumulative biomass yields over the 3-month period were not significantly modified by biochar 279 application rate, however a small but significant decline was observed in the third harvest (Table   280 3, Fig. 4 ). Crop yields and plant biomass are generally increased by biochar addition, although Nitrogen deficiency is the likely cause for our slight reduction in DMP at the third harvest. Foliar 295 N concentration in harvest-1 and -2 was significantly reduced by biochar addition under normal N 296 fertilization rate. These findings suggest that biochar somewhat reduced soil N availability to 297 plants. We observed a significant negative N × biochar interaction on yield at the third harvest 298 (Table 3) (Table 1) , with a micropore structure well-defined on the on a SEM picture (Fig. 6 ). Biochar could be generally expected to increase the total surface area of sand soils such as used in our study 352 and aid in increasing water retention. 353 We have documented here the properties of one kiln-produced biochar and its plant and soil This is a post-peer-review, pre-copyedit version of an article published in Journal of Environmental Quality. The final authenticated version is available online at: http://dx.doi.org/10.2134/jeq2012.0163.
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Table 3. Factorial Analysis of biochar and N on DM production 1
Factor
Harvest 1 
